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RED RIVER WATERWAY
LOUISIANA, TEXAS, ARKANSAS, AND OKLAHOMA
MISSISSIPPI RIVER TO SHREVEPORT, LOUISIANA

CONSTRUCTION FOUNDATION REPORT
LOCK AND DAM NO. 4

SECTION I - INTRODUCTION
1-01. Authorization. Public Law 90-483, 90th Congress,
approved 13 August 1968, authorized the construction of the "Red
River Waterway, Louisiana, Texas, Arkansas, and Oklahoma" project
in accordance with the recommendations of the Chief of Engineers
as contained in House Document No. 304, 90th Congress,
2d Session.

1-02. Purpose and Scope. This document presents the
"as built" foundation conditions for Lock and Dam No. 4 of the
Red River Waterway Project. It was prepared to fulfill the
requirements contained in ER 1110-1-1801, Construction Foundation
Reports, 15 December 1981, and CELMK-CD SOP 415-216 Construction
Supervision and Inspection, 24 February 1984 (Paragraph 2-31).

1-03. uthorjized Project Descri
a. Overall Proiject Description. The overall project
consists of four reaches: (1) Mississippi River to Shreveport,

Louisiana; (2) Shreveport, Louisiana, to Daingerfield, Texas; (3)
Shreveport, Louisiana, to Index, Arkansas; and (4) Index,
Arkansas, to Denison Dam, Texas.

b. Mississippi River to Shrev rt ach. The
Mississippi River to Shreveport reach of the project is located
along the Red River in central and northwestern Louisiana.

Within this reach, the project provides a navigable channel
approximately 236 miles long, 9 feet deep, and 200 feet wide from
the Mississippi River to Shreveport via the 0Old and Red Rivers.
Five locks and dams furnish the required lift of 141 feet. The
New Orleans District performed preliminary geotechnical
investigations for all five locks and dams as well as detailed
explorations and designs for Lock and Dam Nos. 1 and 2.

Vicksburg District performed detailed geotechnical explorations
and geotechnical designs for Lock and Dam Numbers 3, 4, and 5. A
review of the explorations and design of Lock and Dam No. 4 is
covered in Sections 2 and 4 of this report.

1-04. Datum. All elevation datum used in this memorandum
are referenced to feet NGVD (National Geodetic Vertical Datum).



1-05. Lock _and Dam No. 4.

a. Location. The Lock and Dam No. 4 project is
located in a cutoff between old (1967) river miles 205.0 and
210.0, approximately 12 river miles downstream from the city of
Coushatta, Louisiana. This is the fourth lock and dam complex of
the five locks and dams that comprise the Mississippi River to
Shreveport, Louisiana, reach of the Red River Project. The
project is located in Red River Parish, Louisiana. (Photographs 1
and 2).

b. Description. The location of the lock and dam is
shown on Plate 1. The completed plan for the lock and dam is
shown on Plate 2. The dam consists of a gated spillway with five
60 foot wide tainter gates with a sill at elevation 85 and a
stilling basin at elevation 62. Adjacent to the tainter gates is
a 100 foot wide crest gated dam with an ogee section at elevation
113 and a 154 foot wide concrete overflow weir at elevation
122.0. The single 84-foot wide by 685-foot long (nominal size)
lock is located north of the gated spillway and connected to the
spillway by a cutoff wall 58.0 feet in length with a top
elevation of 128.0. The maximum lift (and head) for the lock and
dam is from minimum tailwater (controlled condition) at elevation
95.0 to normal pool at elevation 120.0. Navigation will cease
downstream of the lock and dam at the 10-year flood elevation of
121.6. Project design flood elevation is 130.6 upstream of the
lock and dam. The site plan for the lock and dam is shown on
Plates 3, 4, and 5. The major features of the lock and dam
complex were constructed in two phases. Phase I included the
majority of the structural excavation, installation of the
dewatering system, construction of a Resident Engineers Office,
and construction of temporary access roads. Phase II involved
construction of the lock and dam complex, approach channels,
permanent access roads, supplementary pressure relief in the
suballuvial Tertiary formation, and construction of the closure
dam.

1-06. Disposition of Report. This report has been

distributed in accordance with ER-1110-2-1801. ‘Text, plates and
photographs are available in digitized form from the Vicksburg
District Corps of Engineers, Engineering Division, Design Branch.
Materials have been archived under file number R-14-206.

1-07. References. To facilitate implementation of the
Inspection and Evaluation Program, and to avoid repetition of
information presented previously, the following references are
listed.

a. House Document No. 304, 90th Congress, 2d Session
(the authorizing report).



b. Design Criteria Report, February 1972, and all
endorsements thereto.

¢. Existing Bridge Report, April 1972, and all
endorsements thereto.

d. Pre-construction and Post-construction Groundwater
Levels, Lock and Dam No. 4, Red River Valley ,Louisiana, by A.H.
Ludwig, U.S. Geological Survey, Open File Report, 1979. N

e. Agricultural Observation and Ground Water Study,
Red River Waterway Project, Main Report and Appendix IV (L&D
No. 4), by Soil Conservation Service in cooperation with U.S.
Geological Survey, October 1975.

f. Design Memorandum No. 2, GDM- Phase I, Plan
Formulation Site Selection, Mississippi River to Shreveport,
Louisiana, May 1976, and all endorsements thereto.

g. Design Memorandum No. 3, Hydrology, Mississippi
River to Shreveport, Louisiana, March 1974, and all endorsements
thereto.

h. Design Memorandum No. 10, Hydrology and Hydraulic
Design, Lock and Dam No. 1, January 1974, and all endorsements
thereto.

i. Standardization Report, Locks and Dams Nos. 1
through 5, March 1977, and all endorsements thereto.

j. Design Memorandum No. 18, Hydrology and Hydraulic
Design, John H. Overton Lock and Dam, June 1980, and all
endorsements thereto.

k. Quality of Water in the Red River Alluvial
Aquifer, Shreveport to the mouth of the Black River, Louisiana,
by A.H. Ludwig, U.S. Geological Survey, Open File Report, 1974.

1. Final Environmental Statement, May 1973, Final
Supplement No. 1 to Final Environmental Statement, February 1977,
and Final Supplement No. 2 to Final Environmental Statement,
November 1983, Mississippi River to Shreveport, Louisiana.

m. General Design Memorandum No. 21, General Design,
Phase II - Project Design, Lock and Dam No. 4, May 1987, and all
endorsements thereto.

n. Design Memorandum No. 27, Sources of Construction
Materials, Lock and Dam Nos. 4 and 5, December 1989, and all
endorsements thereto.



o. Design Memorandum No. 28, Detailed Design, Lock
and Dam No. 4, August 1989, and all endorsements thereto.

p. Design Memorandum No. 23 (Revised) Hydrology and
Hydraulic Design, Lock and Dam No. 4, March 1986, and all
endorsements thereto.

g. Design Memorandum No. 38, Aesthetical Enhancement
Report, Pool Nos. 1 through 5, November 1977, and all
endorsements thereto.

In addition to the above general references, specific design
references appear in the particular section to which they
pertain.



SECTION II - INVESTIGATIONS
2-01. General.

a. General. Site investigations for the geotechnical
design of Lock and Dam No. 4 were performed by both the New
Orleans District and the Vicksburg District. Three individual
sites were explored during seven periods of field investigations
(hereafter referred to as Phases I through VII). In addition,
five geotechnical investigations were performed during the
construction period to better establish the sub-surface
conditions in selected areas.

b. Methods. Investigative techniques employed
include drilling exploratory borings, performing geophysical
logs, and digging test pits. Borehole samples were recovered
using a variety of devices including a standard splitspoon,
6-inch diameter core barrel, 2-1/2 inch diameter drive tube,
5-inch diameter shelby tube, and an auger. In the intervals
where samples were not taken, the cuttings were examined and the
action of the drill stem was noted in order to establish the
lithology of the soil/rock unit. Down-hole geophysical logs
consisting of spontaneous potential (SP), resistivity, and
natural gamma radiation were performed on all holes except where
noted. Detailed geologic field logs (ENGR FORM 1836) were
prepared for some of the New Orleans investigative borings and
most of the Vicksburg District investigative borings.

2-02. Pre-Construction Subsurface Investigations.

a. General. Investigations for the design of Lock and
Dam No. 4 occurred over a ten year period from 1979 to 1989.
Hundreds of borings, geophysical logs, and laboratory tests were
performed. The results of geological investigations,
geotechnical boring logs, geophysical logs, and an extensive
laboratory testing program have been assembled in Design
Memorandum No. 28, Volume IV (Geotechnical Portfolio) and are not
reproduced in this report.

b. ew Orleans District ase . The initial
exploration conducted at the Lock and Dam 4 site was performed by
Law Engineering and Testing Company under a contract with the New
Orleans District Corps of Engineers. Explorations were conducted
during the period October 1979 to January 1981. Forty-eight
borings, ranging from 110 to 270 feet in depth were drilled on
the floodplain along an alignment (Site 1) which was subsequently
abandoned. The first 24 borings (4-1D through 4-24) were drilled
on a 1000 foot grid pattern. The second 24 borings (borings 4-25
through 4-48) were drilled along the proposed lock and dam
centerlines (which intersected at boring 4-28). Geophysical data



were not obtained on these borings and detailed geologic logs
(ENG FORM 1836) were prepared for borings 4-34, 4-36, and 4-41
only.

c. Vicksburg District (Phase II). During the period

March through July 1985, the Vicksburg District, Geotechnical
Branch drilled 59 exploratory borings (4-49 through 4-107) at
Site 2, located approximately 300 feet downstream of Site 1 and
with centerlines intersecting near boring 4-29. These borings
varied in depth from 30 feet to 200 feet with most borings
extending to a depth near elevation -25.

A ]

d. Vicksburg District (Phase III). During the summer

of 1985, the site for Lock and Dam 4 was moved approximately

1200 feet to the northeast (Site III). This was done to address
hydraulic design criteria (having to do with siltation problems)
that became evident with the operation of L.C. Boggs Lock and
Dam. Phase III investigation at Site III were conducted by the
Vicksburg District, Geotechnical Branch during the period January
to June 1986. These investigations consisted of 53 borings
(LD4-108-86U through LD4-160-86U).

e. Vicksburg District (Phase VI). Investigations for

the detailed geotechnical design of Lock and Dam No. 4 consisted
of 36 borings completed during the period September to November
1587 (LD4-161-87U through LD4-199-87U excluding #166, 171, and
173 which were not drilled).

f. Vicksburg District (Phase V). During the months

of November 1988 and January 1989 twenty-one test pits, ranging
from 5 to 9 feet in depth, were excavated at the Lock and Dam

No. 4 construction site. The purpose of the test pit excavations
was to evaluate the need for seepage barriers (clay blankets or
slurry trenches) during the construction phase.

g. Vicksburg District (Phase VI). During the period

30 January to 2 March 1989, thirty-five (35) exploratory borings
(LD4-200-89U through LD4-223-89U and LD4-234-89U through LD4-244-
89U) were drilled along the alignment of the permanent (south)
access road. These borings ranged from 11 feet to 78.5 feet in
depth. No geophysical logs were made for these holes nor were
geological logs (ENGR FORM 1836) made for borings LD4-237-890,
LD4-238-89U and LD4-244-89U.

h. Vicksburg District (Phase VII). Overlapping with

Phase VI investigations during the period February 1989 to
August 1989, investigative borings were drilled in the approach
channels (borings LD4-224-89U through LD4-233-89U), borrow areas
adjacent to the access road (LD4-246-89U through LD4-263-89), for
the closure dam (LD4-264-89U through LD4-269-83U), and around the
alignments for the containment dikes for dredge disposal areas #3

2-2



and #4 (LD4-270-89 through LD4-285-89). Approach Channel borings
extended 50 to 75 feet. Borrow borings were drilled to a depth
of 25 feet (except when conditions required hand auger borings in
which case borings extended to 15 feet). Closure Dam borings
extended 40 to 60 feet and containment dike borings extended to
50 feet. No geophysical logs were performed for any of these
borings.

2-03. JInvestigations Performed During Construction. The
initial investigation made at Lock and Dam No. 4 during

construction was performed by Fugro-McClelland, the sub-
contractor for dewatering. Fugro-McClelland contended that
ndiffering site conditions" existed in the Tertiary age sediments
that differed materially from what they were expecting based on
the government’s pump test and other published data. (The
Tertiary aquifer in the stilling basin area of the gated dam did
not experience the expected drawdown when pumped by 6 dewatering
well installed by Fugro-McClelland.) Investigations consisted of
seven borings made with a 6-inch hollow stem auger and a standard
splitspoon sampler. Samples collected from these borings closely
agreed with the published borings. Investigations were made to
delineate the presence of Tertiary rock strata which interfered
with the sheet pile installation in the stilling basin and gated
dam area and dredging in the approach channels and to establish
the availability of adequate, suitable borrow in the upstream
approach channel. The Government investigated the presence of
rock beneath the stilling basin and gated dam. An attempt was
made to define the rock using a cone penetrometer. When this
failed, five exploratory borings (LD4-229-93 through LD4-233-93)
were made during May 1993 using rotary drilling methods. As a
consequence of the presence of the rock strata, certain sheet
piles were not advanced to design grade. At the request of the
Resident Engineer, the mobilized drill rig and crew moved to the
upstream channel area and drilled six borrow borings to evaluate
the quality and quantity of the reusable materials remaining in
place. (This exploration became necessary because, with the
completion of the Piermont Revetment, severe bank caving began in
the area of the LD4 upstream approach channel, removing material
that had been designated as backfill for the structure.) These
borings are designated as LD4-334-93 through LD4-339-93. (It
should be noted that the Resident Office referred to these
borings as LD4-1-93B through LD4-6-93B in a series of
correspondences). During the months of September and October
1993, the Geotechnical Branch drilled eight exploratory land
borings (LD4-340-93U to LD4-347-93U) and five exploratory borings
(LD4-348-93U to LD4-352-93U) from a floating platform to
investigate the presence of Tertiary rock strata in the
downstream access channel. The sampling was confined to the
interval between elevations 81 and 75, a zone where the
contractor had reported encountering rock during his dredging
operation. The site conditions were essentially the same as
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those depicted on the preconstruction borings (sandstone and
siltstone lenses 0.1 to 0.2 of a foot in thickness). During the
period 23 to 26 February 1994, the Geotechnical Branch performed
explorations from a floating platform in the upstream channel.
The contractor had reported "rock strata" which interfered with
his dredging operation as high as elevation 96 (final grade for
the upstream channel is 90). Ten exploratory borings (LD4-353-
94U to LD4-362-94U) were drilled in areas designated by the
contractor. The site conditions were essentially the same as
those depicted on the preconstruction borings (sandstone and
siltstone lenses 0.1 to 0.2 of a foot in thickness). The
contractor persisted in his contention that rock strata were
interfering with the dredging operation (in spite of the fact
that minor rock is clearly shown on the investigative borings).
The contractor mounted his own exploration program in the
upstream channel which was witnessed by COE personnel from the
district office during the period 5 to 9 April 199%4.
Explorations consisted of digging 106 exploration pits using a
barge mounted backhoe (Photograph 3). Exploration pits were
generally located on 25 foot centers in locations where the
contractor had encountered problems. Rock was encountered above
final grade in 22 of the locations. The shallowest rock was
located at elevation 95.4. The Corps contended that the site
conditions were essentially the same as those depicted on the
preconstruction borings although the Corps did relax final grade
to accommodate the rock in several small areas. (The contract
required protection stone on the channel bottom. Where the
scheduled work would have consisted of removing rock and
replacing it with stone, the rock was allowed to remain in
place.) The locations and graphic logs for borings LD4-329-93
through LD4-333-93 are shown on Plates 6 and 7. Plate 8 contains
a boring legend. Borings LD4-334-93 through LD4-362-94U were
made at locations that were subsequently excavated (in the
intervals sampled) and therefore do not contain any useful
information on the post construction site conditions.

2-04. Ground Water Investigations. A two-stage pump test
was performed by the Vicksburg District during the period 22 June
to 26 June 1987. The test well was located approximately 5 feet
from the intersection of the lock and dam centerlines and
extended to a depth of 172 feet (Photographs 4 and 5). The test
well was installed in a 30-inch diameter hole and surrounded by
filter gravel "E". The well was 14 inch 0.D. and contained
132 feet of #30 slot low carbon steel well screen. The well
screen fully penetrated both the Quaternary and Tertiary aquifers
above a thick claystone bed considered an aquiclude. Three
radial arrays of piezometers were installed in the northwest,
northeast, and southeast directions. Each piezometer location
contained two piezometer tips, one in the Quaternary aquifer and
one in the Tertiary aquifer. Each tip was installed in a
separate hole approximately 5 feet from its "nestmate". Each
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piezometer contained a #10 slot plastic wellpoint surrounded by
concrete sand. The test well was pumped at two rates, 100 and
200 GPM and piezometers were read for 48 hours at each pumping
rate to assure that steady state conditions had developed. Flow
was measured inside the well beginning at the bottom of the well
and at 10 foot interval throughout the screened interval.
Reading were taken with a velocity (flow) meter which could be
lowered to the desired depth and measurements taken. The results
of the ground water investigation revealed that the Tertiary
aquifer has a permeability of 0.0146 feet per minute (based on
the average of the two pump test flow rates) and the Quaternary
aquifer has a permeability ranging from 0.02 to 0.03 feet per
minute (based on the D10 size). For a complete review of the
ground water investigations performed at Lock and Dam 4,
including an analysis of ground water quality, see Design
Memorandum 28; Detailed Design, Volume I and Volume II.

2-05. Other Field Investigations.

a. Pressuremeter Tests. Seven boreholes (LD4-P1-88
through LD4-P7-88) were drilled during the period 21-25 March
1988, to perform downhole pressuremeter tests. The holes were
drilled into the Tertiary Formation. Holes were drilled using
rotary drilling methods with Revert and a drag bit or a roller
rock bit. Tests were conducted in very dense silty sand of the
Wilcox Group. Probes were extended into the interval to be
tested and expanded until the soil failed. The testing program
revealed low strain elastic modulus values of 2,500 to
19,000 tons per square foot and high strain elastic modulus
values of 1,000 to 2,500 tons per square foot. The results of
this testing program are presented in Design memorandum 28;
Detailed Design, Volume II, Plate II-6.

b. Earth Resistivity Test. Field measurements of

earth resistivity were conducted along the dam centerline during
the period 9-12 May 1989. Exploration depths of 100 feet were
obtained using the Wenner Four Electrode Array (ASTM G 57) with
an "a" spacing of 200 feet. The test results were used in the
design of the electrical grounding system.

2-06. Laboratory Testing. Soil classification and water
content determinations were made for all cohesive samples.
Atterberg limits and unconfined compressive strengths were
determined on selected cohesive samples. Granular samples were
visually classified and grain size distributions were determined
for selected samples. Triaxial shear and direct shear tests were
performed on selected samples of clay (CH-CL), silty clay (CH-CL)
and sandy clay (CH-CL). Triaxial shear tests consisted of
Unconsolidated Undrained (Q) and Consolidated Undrained (R)
tests. Pore pressure readings were made on all R tests.
Consolidation tests were performed on selected cohesive samples.
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Results of the laboratory testing program are presented in Design
Memorandum 28; Detailed Design, Volume IV (Geotechnical
Portfolio). Special, one time testing was performed on selected
Tertiary sandstone samples from borings LD4-119-86U, LD4-125-86U,
1D4-126-86U, and LD4-134-86U at the Waterways Experiment Station.
Tests included Petrographic analysis, Uniaxial compressive
strength, determination of Modulus of Elasticity, specific
gravity, and absorption. Thermoluminescence dating techniques
were performed on samples from borings LD4-91-85U, LD4-116-86U,
LD4-117-86U, and LD4-125-86U in an attempt to age date the
various Quaternary terraces present at the site. The results of
this special testing program are presented in Design Memorandum
28; Detailed Design, Volume I, Tables 3-8 and 3-9.



SECTION III - GEOLOGY

3-01. Regional Geology. For a complete description of the
regional geologic setting for Lock and Dam No. 4, see paragraph
3-02a of Design Memorandum No. 28 "Detailed Design", Volume I.
The referenced DM contains a description of the physiography,
topography, structure, tectonics, stratigraphy, ground water,
mineral resources and construction materials encountered in the
Central Louisiana area. No regional geologic features were
discovered that adversely impacted the Lock and Dam No. 4
construction site.

3-02. i olo

a. General. Lock and Dam No. 4 was constructed in
the Quaternary alluvium of the Red River. The construction site
involved Pleistocene Terrace deposits and Holocene alluvium.
Both alluvial sequences consisted of a fine grained topstratum
overlying a coarse grained substratum. Underlying the alluvial
sequences are Tertiary age sediments assigned to the Wilcox
Group. The foundation for all the lock and dam components was
Tertiary age materials of the Wilcox Group. Holocene alluvial
topstratum can be classified according to the environment in
which it was deposited. Each topstratum type consists of a suite
of materials which were deposited in a specific manner and
display physical properties which vary within known limits.
Topstratum types encountered in the construction of Lock and Dam
No. 4 included natural levee (adjacent to the Red River),
abandoned channel (across the upstream channel), and a point bar
sequence. The abandoned channel and the natural levee were
present in the approach channels but did not form the foundation
for the structure. Pleistocene Prairie Terrace deposits were
present in the protected area and constituted the bulk of the
excavated materials within that area.

b. Topstratum. Lock and Dam No. 4 was constructed in
an area where the ground surface formation consists of
Pleistocene terrace deposits (Photograph 6). Holocene alluvium
was present in the upstream and downstream approach channels
(Photograph 7). 1In addition, the Holocene deposits formed a
small, topographically low area at the downstream end of the
protected area. All foundations for the lock and dam structure
were located in areas of Pleistocene terrace. Excavation for the
structure extended through the Pleistocene Terrace and into the
underlying Wilcox Formation. The Prairie Terrace contains a fine
grained upper stratum and a coarse grained substratum. The upper
stratum consists of reddish brown, brown, and gray clay (CH-CL)
and gray and brown silt (ML). These Pleistocene topstratum
materials contain roots, lignite, and crumbly zones. No attempt
was made to evaluate the consistency of the materials in the
field due to desiccation associated with construction dewatering.
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The majority of the Pleistocene topstratum clays (CH-CL) and silt
(ML) from the structural excavation were utilized in construction
of the cofferdam or stockpiled in the clay stockpile area during
the Phase I construction contract for reuse in the closure dam.
Topstratum clays (CH-CL) and silt (ML) that remained within the
cofferdammed area or topstratum clays from the channel
excavations were utilized as structural backfill. A small
tributary stream crossed the site from north to south at
approximate station 10+00L. This small stream lowered the ground
surface approximately 30 feet as it incised itself in the Prairie -
Terrace (see preconstruction boring 1D4-188-87U). Some reworking
of the Pleistocene deposits occurred in this area although the
lithology and stratigraphy are similar to that described for the
Prairie Terrace with a 14 foot section of clay (CH-CL) and silt
(ML) overlying a 13 foot section of silty sand (SM). Like the
Prairie alluvium, this entire soil deposit was removed during
excavation. Holocene topstratum consisted of point bar deposits
(in both the upstream and downstream channels), an abandoned
channel that crossed the upstream approach channel and a natural
levee along the current Red River alignment. The Holocene point
bar topstratum consisted of gray, and reddish brown clay (CH-CL)
and silt (ML) with roots, and other vegetation. The clay (CH-CL)
ranged from medium to stiff in consistency and contained silt
strata and occasional silty sand pockets. The silt (ML)
contained clay strata and sand strata. Designers anticipated
reusing much of this point bar topstratum unit for impervious and
random backfills. However, due to erosion and bank caving,
especially after the completion of the Piermont Revetment, much
of this deposit was lost. An abandoned channel crosses the
upstream channel on a bearing of N 15°W at approximate station
25+00L. The abandoned channel’s presence was evident in the
surface topography. This topstratum feature had a thickness of
approximately 40 feet and was composed of black, red, brown, and
gray clay (CH), which ranged from soft to very stiff in
consistency, and contained tree stumps, roots, silt strata, wood,
lignite, concretions, and abundant shell fragments. The
abandoned channel topstratum deposit also contained minor amounts
of red and brown silt (ML) and silty sand (SM) with clay strata.
The abandoned channel extended to approximate elevation 85 and it
was completely removed in the area of the upstream approach
channel. As noted earlier, a natural levee consisting of silt
(ML) and silty sand (SM) was present in the upstream channel
along the Red River. This topstratum type was not involved in
any portion of the structural foundation.

» c. Substratum. The substratum forms the alluvial
aquifer and consists of two different units; a Holocene unit
composed of fine sand (SP, SM, SP-SM) which is associated with
the Recent point bar migrations, and a Pleistocene unit which is
composed of silty sand (SM) and silty fine sand (SP-SM) deposited
during an earlier alluviation of the valley. The lateral
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boundary between these two units is the Holocene - Pleistocene
contact and is reflected in the site topography. The Holocene
unit is composed of brown, light brown, and gray sand (SP, SM,
SP-SM) which is a continuation of the fining upward point bar
sequence. Near the base of this unit, an intermittent layer of
coarse sand (SP) and gravel (GP) was noted. This *channel lag"
was left by channel migrations. Clay (CH) lenses and stringers
were occasionally present in the substratum. The Pleistocene
substratum unit is composed of fine silty sand (SM) with minor
amounts of silty fine sand (SP-SM) with lignite. The Pleistocene -
unit extends from approximate elevation +125 to the top of the
Tertiary Formation (elevation 80 to 105). The entire section was
examined in the field (Photograph 6). Both of these units
required extensive dewatering efforts before excavation could
proceed as discussed in Section V.

d. Tertiary. Underlying the Quaternary alluvium at
Lock and Dam No. 4 are formations of the (Undifferentiated)
Wilcox Group. The Wilcox Group is Eocene in age. The top of the
Wilcox is an erosional surface that varied from approximate
elevation 60 to elevation 105 at the site, although boring LD4-
177-87U, located 3500 feet south of the site, shows a Tertiary/
alluvial interface at elevation 31. Figure 3-1 shows the
elevation of the top of Tertiary prior to excavation. Generally
speaking, the interface is at a higher elevation beneath the
Pleistocene Terrace as compared to the Holocene alluvium. The
Wilcox Formations were deposited by an accretionary shoreline and
is deltaic to near shore marine in origin. The Wilcox is
composed of light gray silty sand and brown to black clay(stone)
with strata and ridges of gray, hard sandstone (Photographs 8, 9,
and 10). The silty sand strata are local aquifers and some
dewatering and pressure relief was required. The clay(stone) is
a highly overconsolidated marine clay which was, none the less,
excavated with conventional earth moving equipment
(Photographs 11 and 12). The sandstone occurred as extremely
hard layers or lenses, some more that 8 feet thick. It was
necessary to pre-split some of the thicker sandstone layers
(using a product called "Bent-O-Mite") prior to breaking the rock
up with a tractor mounted hydraulic hammer (Photographs 13, 14,
and 15). Where possible, the contractor processed the Tertiary
stone for reuse as Graded Stone C, and Ré650 and R200 riprap
(Photograph 16). (The reuse of the Tertiary rock as protection
stone was the result of a contractor proposed VE suggestion. The
government had considered reuse of the rock during the design
phase and decided it was not in its best interest to require such
reuse.) The presence of the sandstone caused problems with the
sheet pile driving operation as discussed in Paragraph 7-02.
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SECTION IV - DESIGN CONSIDERATIONS

4-01. Design Parameter. As a result of the laboratory
testing program outlined in Paragraph 2-06 of this report, the
following strength parameters were utilized in the geotechnical
design of Lock and Dam No. 4.

a. Lock and Dam, Guidewalls, Channels and Closure
pam. The following values were utilized in the design of the
lock and dam, guidewalls, channels, and closure dam. The values
discussed herein are shown at the end of this section.

(1) Quaternary Clays. Discontinuous thin lenses
of clay (CH) were encountered in the substratum unit. These
materials were assigned an undrained (Q) shear strength ¢ = 0°
with a cohesion of 1400 psf and a drained (S) shear strength of
¢ = 22° with 0 cohesion. These clays were assigned a unit weight
of 125 pcf. The insitu strength of the clay materials varies and
strengths used in individual analyses were selected from strength
data for nearest boring.

(2) Quaternary Silt. Silt (ML) materials were
assigned an undrained (Q) shear strength of ¢ = 0 with a cohesion
of 300 psf and a drained (S) shear strength of ¢ = 30° and a unit
weight of 120 pcf.

(3) Quaternary Silty Sand. Clean foundation sand
(SP, SM, SP-SM) was assigned a shear strength of ¢ = 30° and a

unit weight of 125 pcf.

(4) Tertiary Claystone. These materials are
highly over consolidated clays (CH-CL). They were assigned an
undrained (Q) shear strength of ¢ = 6° with a cohesion of
2000 psf, a drained (S) shear strength of ¢ = 30° with a cohesion
of 1400 psf and a unit weight of 130 pcf.

(5) Deep Claystone. These materials were assigned
an undrained (Q) shear strength of ¢ = 27° (with a cohesion of
0 psf) and a drained (S) shear strength of ¢ = 30° (with a
cohesion of 0 psf). These materials were assigned a unit weight
of 130 pcf.

(6) Tertiary Sand. Tertiary sands were assigned a
phear strength of ¢ = 33° for both the short term (Q) and long
term (S) cases. These materials were assigned a unit weight of
130 pcf. : :

(7) mpervious kfill. Clay used in the
impervious upstream blanket and around the various backfill areas
was assigned an undrained (Q) shear strength of ¢ = 0° and a
cohesion of 1500 psf. A drained (S) shear strength of ¢ = 24°
with no cohesion and a unit weight of 125 pcf were also used for
this material.



(8) Pervious Backfill. Pervious backfills

consisted of sand (SP) (known as select sand) and silty sand (SM)
(known as pervious backfill). Both of these materials were
assigned a shear strength of ¢ = 33° and a unit weight of

125 pcf.

(9) Sand Filters. All sand filters were assigned
shear strength values of ¢ = 30° and unit weight of 125 pcf.

b. Other Areas. The following values were utilized
in the design of the closure dam and spoil areas.

(1) Dredged And pumped Silty Sand Fill. Dredged
sand and silty sand were used in constructing the closure dam.
These materials were assigned an undrained (Q) shear strength and
a drained (S) shear strength of ¢ = 26° with no cohesion. A unit
weight of 120 pcf was assigned.

(2) Silt Deposited In Channel. It was assumed in

the design that a certain quantity of silt (ML) would be
deposited in the downstream channel area. This material was
assigned an undrained (Q) strength of ¢ = 0° and a cohesion of
500 psf, a drained (S) shear strength of ¢ = 26° and a unit
weight of 120 pcf.

(3) Riprap And Rock Fill. Riprap and other

protection stone were used extensively on this project. Riprap
was assigned a strength ( both Q and S ) of ¢ = 35° and a unit
weight of 130 pcf. '

Design Parameters

TYPE OF MATERIAL TYPE OF_ TEST
Saturated
0] R S Unit Wt.
¢ c ¢ c ¢ le.
psf psf psf pcf
Quaternary Clay 0° 1400 -- -- 22° o] 125
Quaternary Silt 0° 300 -- -- 30° 0 120
Quaternary Silty Sands 30° 0 -- -- 30° 0 125
Tertiary Claystone 6° 2000 - -- 30° 1400 130
Deep Claystone 27° 0 - -- 30° 0 130
Tertiary Sands 33° 0 -- -- 33 0 130
Impervious Backfill 0° 1500 -- - 24° 0 125
Pervious Backfill 33° 0 - -- 330 0 125
Sand Filters 30° 0 -- -- 30° 0 125
Dredged & Dumped Silty '
Sand Fill 26° 0 -- -- 26° 0 120
Silt by Deposition 0° 500 -- -~ 26° 0 120
Riprap & Rock Fill 35° 0 -- -- 350 0 130



4-02. esi rocedures.

a. General. The lock and the dam were evaluated with
respect to sliding stability, bearing capacity, uplift and
settlement. An integral part of the evaluation was the
development of an underseepage analysis to predict uplift
pressures with three different underslab drain efficiencies
(0 percent, 50 percent, and 100 percent). For a complete review
of the geotechnical design of Lock and Dam 4 see Design ’ '
Memorandum No. 28 "Detailed Design".

b. 8liding Stability. The sliding stability of all
components was evaluated for the basic loading conditions (the
construction, normal operating and extreme operating cases). In
addition, the lock and dam was evaluated for 13 special cases
which included such external loads as earthquake, wind and barge
impact. Sliding stability analyses were performed using computer
program CSLIDE and calculations based on TL 1110-2-256 and EM
1110-2-1902. All resulting factors of safety were considered
adequate.

c. Bearing Capacity. Bearing capacity calculations
were performed using equations presented in the users manual for
the computer program CBEAR for the comstruction, normal operating
and extreme operating cases. The bearing capacity was computed
considering the effects of embedment of foundation, inclined
loads, sloping soil surfaces, eccentric loads in two dimensions,
submerged soils and surcharges. All computed factors of safety
exceeded the minimum required bearing capacity factor of safety
which is 2.0.

d. Uplift. Uplift stability of the tainter gated
spillway and stilling basin, crest gated spillway and scour slab,
and critical lock monoliths was evaluated for the normal
operating, loss of lower pool, maintenance (both scheduled and
extreme), and one gate half open cases. Computations were made
assuming the drainage system to be 0 percent effective (where
present). The net force factor of safety for the tainter gate-
stilling basin for the "one gate half open, drains 0 percent
effective" loading condition was 1.13. This was the lowest
computed factor of safety but still exceeds the required 1.1.

e. Settlement. The lock and dam is founded on insitu
Tertiary silty sand (SM) and compacted pervious backfill (SP)
with a minimum relative density of 80 percent. The stratum of
Tertiary insitu silty sand extends to a point 15 feet to greater
than 50 feet below the structure. Within the sand zone there may
be zones of claystone. Settlement was computed based on elastic
analysis in the Tertiary sand and conventional consolidation
theory for the claystone. Elastic modulus in the Tertiary sand
was measured with a borehole pressuremeter and an average modulus
of 5000 tsf was recorded. The modulus was assumed to vary with
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the square root of the insitu stress level. Claystone
compressibility and rebound values were based on the results of
odometer tests and values of Cc= 0.051 (for consolidation) and
Cr= 0.020 (for reconsolidation) were utilized in the evaluation
(since these clays are highly overconsolidated). (NOTE: these
values were inadvertently transposed in the text of DM 33) The
analysis evaluated rebound due to excavation, settlement induced
by construction and finally rebound due to rewatering. . Typically
about 90% of the settlement and rebound is due to claystone
properties and since the claystone is low plasticity, these
movements occur concurrent with, or immediately following loading
(or unloading). A complete check of the results was performed
using hand calculations and a spreadsheet analysis based on
Bossinesq’s theory. Additional spot checks were performed using
the computer program CSETT.

£. xcavation and Cofferdam opes. Slope stability
for the cofferdam and excavation was investigated during the
design phase using the computer program UTEXAS2. A construction
case, post-construction case and earthquake case were analyzed
using both drained and undrained strengths. Soil stratigraphy
for evaluation of the excavation slopes was determined from the
investigative borings and soil strengths are outlined in
Paragraph 4-0la. Ground water was assumed at elevation 130.
Fill for the cofferdam was included in the analysis as well as
the design flood against these fills. The calculated factor of
safety exceeded those required in all cases.

g. Closure Dam. The closure dam was evaluated for
slope stability (Q construction and Q and S operating cases),
settlement and underseepage. Factors of safety for stability of
the downstream face were 1.76, 1.41, 1.64 and 1.36 for the (Q)
end of construction, (Q) end of construction with earthquake,
((R+S) /2) operation, and ((R+S) /2) operation with earthquake
cases, respectively. Factors of safety for the upstream face
were 1.17 for the (Q) construction and 2.2 for the (S) operating
cases. Settlement was evaluated and a total settlement of
0.9 feet was predicted. The structure was overbuilt to
compensate. Underseepage was evaluated using a minimum Bligh’s
creep ratio (C = L/H) of 15 for a foundation composed of fine to
medium sand as shown in EM 1110-2-1902. An upstream impervious
blanket seven feet thick was constructed to lengthen the seepage
path to 475 feet. The Geotechnical design of the closure dam is
presented in Paragraph 3-09 of DM 28.

h. trea r a 1. Two representative
sections were analyzed for the upstream channel. Calculations
were performed using the computer program UTEXAS2. Minimum
factors of safety of 1.46, 1.16, 1.82, 1.26, 1.70, and 1.46 were
obtained for the (Q) operating, (Q) earthquake, (S) operating,
(S) earthquake, (minimum R&S) sudden drawdown from flood, and
(minimum R&S) sudden drawdown from normal operation conditions,
respectively. All computed factors of safety exceeded minimum
requirements.



i. Downstream Approach Channel. Two representative
sections were analyzed for the downstream approach channel.

Calculations were performed using the computer program UTEXAS2.
Minimum factors of safety of 1.43, 1.15, 1.74, 1.20, 1.21 and
1.11 were obtained for the (Q) operating, (Q) earthquake, (S)
operating, (S) earthquake, (minimum R&S) sudden drawdown from
flood and (minimum R&S) sudden drawdown from normal operation
conditions respectively. All computed factors of safety exceeded
minimum requirements. ) .

4-03. ackfi raina and Underslab Relief tems.

a. General. There were two main drainage systems
used to relieve excess hydrostatic pressures at Lock and Dam
No. 4. These systems are described below and presented on
Plates 9 through 14.

(1) Lock Wall Drainage System. The collector
pipe and filter system behind the landside lock wall consists of
an 8-inch PVC well screen, No. 10 slot, encapsulated by a layer
of Filter Sand "B." The drainage system is used to lower
hydrostatic pressures in the sand backfill and discharges at
approximate elevation 96.0. Select sand backfill was recovered
and stockpiled during excavation. Plates 9, 10, and 11 show the
details of this system.

(2) Tainter Gate and Crested Gate Structures
Underdrain System. The collector system beneath these structures

consists of 6-inch stainless steel well screen, No. 20 Slot,
within a 2-foot layer of Filter Gravel "C" underlain by a 6é-inch
layer of Filter Sand "B." The well screen is in a multiple loop
configuration with an outlet into each of the dam piers. The
system discharges into the stilling basin at approximate
elevation 87.0. Plates 12, 13, and 14 show the general layout of
this system.

b. Filter Design. The gradation limits specified for
the filter materials in this contract were as required in D.M.
No. 27, Lock and Dam Nos. 4 and 5, "Availability of Construction
Materials, dated December 1989. The gradation limits and Quality
Assurance test data are presented in Tables 4-1, 4-2, and 4-3.
The gradation bands of the filter materials provided for this
project are presented on Figure 4-1. The filter sand and gravel
were processed by Madden Contracting Co. Inc., from the Raley
Gravel Pit. The filter stone was processed from the Reed Crushed
Stone Company, Inc., Gilbertsville Quarry, Gilbertsville,
Kentucky. The three filter materials do meet the filter criteria
specified in EM 1110-2-1901, Engineering and Design - Seepage
Analysis and Control for Dam, dated 30 September 1986, as
follows:
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Sand "B" vs Gravel "C"

D, Filter Gravel "C" 5

Dy Filter Sand "B" = 3 = 1.7 s 5; does meet piping ratio
D, Filter Gravel "C" 3.6 does have sufficient

D, Filter Sand "B" = 0.4 = 9 2 5; permeability

D, Filter Gravel "C" 10.5 does meet coefficient

D, Filter Sand "B" = 0.5 = 21 s 25; of uniformity

Gravel "C" vs Filter Stone

D, Filter Stone 32

Dy Gravel "C" = 14 = 2.3 s 5; does meet piping ratio
D, _Filter Stone 25 does have sufficient

D, Gravel "C" = 5 = 5 2 5; permeability

D, Filter Stone 55 does meet coefficient

D,, Gravel "C" = 8 = 7.8 s 25; of uniformity

Filter Sand "B" vs Well Screen

D.,_Sand "B" 0.5
.2

10 Slot (.010 in.) = 5 = 2 =2 1.2; does meet piping ratio

4-04. Channel Protection.

a. Stone Protection and Channel Protection. The
stone protection and channel protection at Lock and Dam No. 4
were designed based on expected channel velocities at the
structure, as presented in "Hydrology and Hydraulic Design, Lock
and Dam No. 4," DM No. 23, dated 5§ July 1978, and revised data
included in "GDM Phase II, Project Design, Lock and Dam No. 3,"
DM No. 13 (Revised Edition), dated 18 April 1984. The stone
protection consists of seven riprap gradations and the channel
protection consists of two Graded Stone gradations. Plates 3, 4,
5, and 15 show the locations of the gradations used. A bedding
layer was placed on impervious foundations and covered with
riprap. Filter layer systems were placed on pervious foundations
and then covered with riprap (Photographs 17 and 18).
Engineering fabric (nonwoven geotextile) was also used beneath
some riprap as a filter layer. The riprap and graded stone were
produced at the Reed Crushed Stone Company, Inc., Gilbertsville
Quarry, Gilbertsville, Kentucky, from a limestone formation.




b. Gradation Limits. The gradation limits and
Quality Assurance test results for the various riprap sizes and
graded stone are presented in Tables 4-4 through 4-12 and
Figures 4-2 through 4-6. The gradation tests performed on the
graded stone were performed following the LMVD Standard Test
Method for Gradation of Riprap and Graded Stone.

c. Engineering Fabric. The engineering fabric for
this contract was manufactured by Amoco Fabrics & Fibers Co.
Atlanta, Georgia. There are no test data on the materials
provided. The product names provided were Amoco 4510 for Grade 2
requirements and Amoco 4561 for Grade 1 requirements. Based on
data included in "Geotechnical Fabrics Report", Industrial
Fabrics Association International, December 1992, these
geotextiles should have met the requirements of this project
(Photograph 19). :

d. Filter and Bedding Material Design. The gradation

limits and Quality Assurance test data for Bedding Material are
presented in Tables 4-13 and 4-14. The gradation bands of the
bedding materials provided for this project are presented on
Figures 4-7 and 4-8. The main criterion that needed to be met
between the filter materials or bedding materials and the riprap
is the piping ratio. Piping criteria were meet for all
materials.

Filter Stone vs R650 Riprap

D,; R650 Riprap 296
Dgs Filter Stone = 65 = 4.6 s 5 does meet piping ratio

Bedding Stone No. 1 vs R90 Riprap

D,._ RS0 Riprap 146
Dgs Bedding Stone #1 = 63 = 2.3 s 5 does meet piping ratio

Bedding Stone No. 2 vs R650 Riprap

D,;_R650 Riprap 296
Dgs Bedding Stone #2 = 89

3.3 s 5 does meet piping ratio

RS0 Riprap vs R7400 Riprap

D;s_R7400 Riprap 55
Dgs R90 Riprap = 208 = 3.2 s 5 does meet piping ratio

e. Riprap and Graded Stone Produced on Site. At this

project site a sandstone lense was encounter during site
exploration and during excavation. After the stone was

4-7
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stockpiled the Contractor made a Value Engineering Proposal that
the stockpiled material be manufactured into riprap and Graded
Stone. The proposal was accepted and the stone was placed in the
upper pool on the upstream slope of the closure dam. Graded
Stone "B" was manufactured and placed in the upstream rock toe
dike of the closure dam. R200 riprap was placed from Stations
119+00 to 130+00, and between 358 feet and 318 feet upstream of
centerline of closure dam. R650 riprap was placed from Stations
119+00 to 130+00, and between 318 feet and 210 upstream of

centerline of closure dam (Photographs 20 and 21). For a
discussion of this change see Paragraph 8-03.
TABLE 4-1
Filter Sand "B"
Date 7/14/92 1/28/93 7/29/93 12/9/93
Specification .

Sieve Percent Percent Passing

Size Passing
3/8 inch 100 100 100 100 100
No. 4 950-100 97.2 83.2 90.3 91.4
No. 8 70-95 79.3 77.7 77.5 74 .1
No. 30 22-57 43.9 49 .9 52.7 31.1
No. 50 0-30 11.8 12.8 14.5 4.2
No. 100 0-5 1.6 1.4 2.0 .45

TABLE 4-2
Filter Gravel "C"
Date 4/29/92 7/16/92 7/29/93 12/13/93
Specification .

Sieve Percent Percent Passing

Size Passing
1-1/2 in 100 100 100 100 100
3/4 inch 80-100 91.6 94.2 82.8 89.3
3/8 inch 45-80 78.3 77.4 80.4 80.5
No. 4 13-45 14.7 20.8 17.1 22.1
No. 8 0-14 1.8 2.1 2.7 10.1
No. 16 0-5 1 .9 .6 8.1%*

* Failed to meet gradation requirements
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TABLE 4-3

Filter Stone

Date 12/10/92 10/1/93 1/14/94 6/8/94
Specification
Sieve Percent Percent Passing
Size Passing
6 inch 100 100 100 100 100
4 inch 45-100 100 100 100 100
3 inch 29-100 91 89 90 92
1-1/2 in 8-48 30 30 29 44
1 inch 0-20 10 9 6 16
1/2 inch 0-5 2 3 2 4
TABLE 4-4
R 30 Riprap
Date 1/27/93 12/2/93 1/14/94
Specification

Stone 8Size

()

% Finer by wt.

Percent Finer by weight

(1bs)
90-40 100 90 89 90
40-20 50 35 37 38
20-5 15 S 10 11
TABLE 4-5
R 200 Riprap
Date 6/24/92 10/15/93 5/10/94
Specification

Stone Size

[)

% Finer by wt.

Percent Finer by weight

(1bs)

200-80 100 62 88 90
80-40 50 29 35 42
40-10 15 8 8 12




TABLE 4-6

R 400 Riprap

Date 6/7/92 6/12/92 6/22/92 8/26/94
Specification
Stone Size | % Finer Percent Finer by weight
(1bs) by wt.
400-160 100 88 81 85 90
160-80 50 36 31 29 40
80-30 15 S 7 9 9
TABLE 4-7
R 650 Riprap
Date 5/24/92 12/4/92 1/28/93 1/28/94
Specification
Stone Size | % Finer Percent Finer by weight
(1bs) by wt.
650-260 100 81 79 80 87
280-130 50 41 39 38 41
130-40 15 9 9 9 10
TABLE 4-7 (continued)
R 650 Riprap
Date 12/10/93*
Specification
Stone Size | % Finer Percent Finer by weight
(1bs) by wt.
650-260 100 98.2
280-130 50 54 .7
130-40 15 13.4

* Test performed on stone manufactured from onsite stockpile.




TABLE 4-8

R 1500

Riprap

Date

1/27/93

Specification

Stone Size

% Finer by wt.

Percent Finer by weight

(1bs)

1500-600 100 S0
650-300 50 40
330-100 15 9
TABLE 4-9

R 2200 Riprap

Date 12/2/93

Specification

Stone Size

Percent Finer by weight

% Finer by wt.

2200-900 100 76
830-440 50 39
460-130 15 9
TABLE 4-10
R 7400 Riprap
Date 3/25/93 12/2/93 5/20/94
Specification
Stone Size | % Finer Percent Finer by weight
(1bs) by wt.
7400-3000 100 86 85 81
3100-1500 50 396 41 39
1500-500 15 9 10 9




TABLE 4-11

Graded Stone C

Date 11/23/92 3/17/93 6/7/93 6/24/93
Specification
Stone Size | % Finer Percent Finer by weight
(1bs) by wt.
400 100 100 100 100 100
250 70-100 95 90 89 90
100 50-80 67 69 68 69
30 32-58 47 47 45 44
5 15-34 26 27 26 24
1 2-30 10 14 13 14
Less than 0-10 2 3 3 4
1/2" sieve

NOTE: 5%

of the material can weight more than 400 pounds.
However no piece shall weigh more than 500 pounds.

TABLE 4-12

Graded Stone B

Date 9/11/93%
Specification
_ _ Percent Finer by weight
Stone Size % Finer
(1bs) by wt.
1200 100 100
750 72-100 95.1
200 40-65 58.9
50 20-38 29.1
10 5-22 15.7
5 0-15 l11.9
1 0-5 8.2

* Test performed on stone manufactured from onsite stockpile.

S




TABLE 4-13

Bedding Material No. 1
Date 6/9/92 8/7/93 11/5/93 6/24/94
Specification

Sieve Percent Percent Passing

Size Passing

4 inch 100 100 100 100 100
3 inch 70-100 87 91 89 89
2 inch 25-100 43 42 64 50
1 inch 5-70 8 15 17 8
1/2 inch 0-30 2 6 4 3
No. 4 0-5 1 2 2 1

TABLE 4-14
Bedding Material No. 2
Date 6/4/91 1/8/93 5/24/94 10/19/94
Specification .

Sieve Percent Percent Passing

Size Passing

6 inch 100 100 100 100 100
4 inch 45-100 100 100 100 100
3 inch 25-100 86 93 87 81
1-1/2 in 8-48 23 16 40 17
1 inch 0-20 6 11 15 S
1/2 inch 0-5 3 2 3 4




SECTION V - EXCAVATION PROCEDURES

5-01. Excavation Grades. Excavation for the lock and dam
extended through the Pleistocene Terrace and into the underlying
Tertiary sediments of the Wilcox Group. Founding elevations
range from 49.0 feet beneath the gated dam to 59.5 and 55.5 feet
beneath the upper and lower lock gate bay monoliths,
respectively. The stilling basin is founded at elevation 51 and
the lock chamber is founded at elevation 62.5 (Photograph 22).
The excavation plan is shown on Plate 6. Backfill plans and
sections for the lock and the dam are shown on Plates 9 through
14.

5-02. Dewatering Provisions. Dewatering provisions for Lock
and Dam No. 4 included requirements to accomplish the following:

a. Unwatering the initial excavation.

b. Lower the water table 5 feet below excavation
grade.

c. Relieve hydrostatic pressure in any pervious
strata in the Tertiary Formation to a point below the excavation
grade.

d. Collect and dispose of all surface water within
the protected area.

e. Install and monitor construction piezometers and
f. Rewater the site at the completion of work.

The system employed by the Contractor consisted of a deep
well system, three slurry trench cut offs to block seepage
through the Holocene and Pleistocene aquifers, a wellpoint system
to lower piezometric pressures in the Tertiary in the gated dam
area, a french drain to collect seepage through the alluvium, and
a piezometer system to monitor pressures in the Holocene and
Tertiary aquifers. Surface water collection was accomplished
using a system of top bank ditches and sumps and a number of
temporary sumps within the excavation.

5-03. Overburden Excavation. The excavation for the Lock
and Dam No. 4 project was performed under two separate contracts.
The initial excavation was performed under a "Phase 1" contract
and extended to elevations 57 beneath the gated dam, 69 beneath
the lock, and 80 in the downstream channel. Total excavation
consisted of approximately 8.6 million cubic yards. The initial
earthwork was performed by Southwind Construction Corp. under
contract number DACW38-90-C-0071. The structural excavation
under the initial contract (within the protected area) was
performed using one Hitachichi shovel and one Hitachichi backhoe.
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Each excavator had a 13 yard bucket. Excavated materials were
transported using 100 ton Euclid trucks or 85 ton Caterpillar
trucks. Fine grading was performed under the main contract using
small bulldozers and backhoes. Excavation for the approach
channels was performed by Pine Bluff Sand and Gravel using a
cutterhead dredge (Photograph 23). 1In addition, landbased
scrapers, operated by Hill Brothers, were used in the upstream
and downstream channels to recover reusable materials and
excavate impervious and random materials above elevation 90. No
dewatering was performed in the approach channels. Draglines and
bulldozers were used for bank grading operations. Excavation for
the channels totaled 4,957,462 cubic yards of which 2,033,996
were removed using landbased equipment and 2,923,466 were removed
using a cutterhead dredge. The excavation plan for the structure
is shown on Plate 6.

5-04. Dewatering System. Griffin Dewatering Company was
responsible for construction dewatering and surface water control
at Lock and Dam No. 4 under the Phase 1 contract. Dewatering was
accomplished using a combination of deep wells, slurry trenches
and french drains. This initial dewatering system consisted of
18 deep wells (numbers 1 through 18) installed at the natural
ground surface and extending into the Tertiary formation (near
elevation -20). Individual wells were constructed of 8 inch,
schedule 160 PVC pipe with an 8 inch, 0.032 slot well screen
surrounded by filter gravel "E". Three slurry trenches, ranging
from 15 to 34 feet in depth, were constructed to block seepage
through the Quaternary aquifers. Ten gravel filled ditches
(referred to as "French drains") were constructed to drain off
seepage that emerged on the excavation side slopes along the
Tertiary-alluvial interface. The phreatic surface in both the
Tertiary and alluvial aquifers was monitored using the existing
COE piezometers. As excavation approached elevation 57 (final
grade in the gated dam area) the Phase 1 contractor installed a
vacuum wellpoint system to achieve sufficient drawdown in the
Tertiary aquifer. Surface water was collected and controlled
using a system of more or less permanent sumps and pumps located
on the top bank of the excavation and supplemented with temporary
sumps which were relocated as the excavation progressed. This
system was turned over to the Phase II contractor at the
completion of the Phase I item of work. During the Phase II
contract the dewatering item was handled by Fugro - McClelland.
Under their direction the existing system was supplemented in the
following manner. Wells 19 and 20 were installed on the
elevation 90 bench adjacent to the upstream lock monolith (L-1),
wells 21 through 23 were installed on the elevation 90 bench in
the vicinity of the overflow wall, wells 24 and 25 were installed
downstream of the stilling basin and wells 26 through 31 were
installed around the gated dam foundation. The above listed
wells (numbers 19 to 31) were 4 inches in diameter and intended
primarily to lower piezometric levels in the Tertiary aquifer.
(All Phase 11 excavation within the protected area involved
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Tertiary materials.; Wells 26 through 31 failed to adequately
lower the pressures in the confined Tertiary strata and Fugro-
McClelland re-installed the wellpoint system which Griffin
Dewatering had install in the Phase I dewatering effort. Frugro-
McClelland also added 8 construction piezometer (P-17, PS-17,
P-18, PS-18, P-19, PS-19, P-20 and PS-20). Surface water control
consisted of maintaining and operating the existing (Griffin
installed) system of topbank perimeter ditches, topbank sumps,
topbank dikes and temporary sumps with sump pumps inside the
excavation. This surface water control system was modified on an
ad hoc basis and on several occasions it failed to keep up with
rainfall events and caused minor damage to the work area. The
dewatering system was operated on an "as needed" basis,
especially when the excavation was complete, and no attempt has
been made to summarize the performance of the system. No
significant problems occurred with the dewatering item of work.
For a complete layout of the system, see Plate 16.

Photographs 24 through 26 show details of the dewatering system.



SECTION VI - CHARACTER OF THE FOUNDATION

6-01. Foundation Surfaces of Each Component. Lock and Dam
No. 4 is founded on clay(stone), silty sand and sandstone of the
Wilcox Group (Undifferentiated). Final grade excavation for the

lock, dam, guidewalls, and cutoff wall extended through the
Quaternary sediments and into the Tertiary deposits of the Wilcox
Group (Plates 17 and 18). Foundations for the upstream return
wall and downstream return wall sloped upward and are founded
partially on Tertiary materials and partially on alluvial
materials (although all return wall foundations contain a
variable thickness of fully compacted pervious materials beneath
their bases). The crest gated spillway and the overflow wall are
founded on variable thicknesses of fully compacted pervious
material (final grade excavation beneath these structures
extended into Tertiary materials). The gated dam and associated
stilling basin contained a two stage pressure relief/drainage
system on top of the Tertiary foundations. Tertiary foundations
were quite variable although they consisted mostly of fine, gray,
silty sand (SM, SP-SM) with lenses or strata of dark gray to
black Tertiary clay (CH-CL) or "claystone". These hard Tertiary
clays are referred to as claystone to emphasize their great
difference with the Quaternary alluvial clays. The stress
history of these Tertiary materials indicates that they were
deeply buried in the geologic past and are highly over-
consolidated. As a result they exhibited virtually no strain
when subjected to the loads (stresses) associated with the lock
and dam (i.e. settlement is not a problem on this foundation as
discussed in Paragraph 4-02e). The "claystone" is not competent
rock like the sandstone and siltstone found on this job site.
(Clay strata actually turned to rock would be designated as
shale). They differ from the sandstone and siltstone in their
high susceptibility to weathering, density, tensile strength, and
shear strength. (A good example of this difference is shown on
Photograph 10) The sandstone and siltstone that were found in
the Tertiary formation occurred as lenses or beds ranging up to
10 feet in thickness. The sandstone was fine grained, gray, very
hard, dense, and contained minor lignite deposits (as did the
entire Tertiary section examined in the field). Sandstone
interfered with final grade excavation or actually formed the
foundation for structural components in the gated dam and
stilling basin, upstream guardwall, upstream return wall and
downstream return wall.

6-02. Condition of the Foundation.

a. Dam. The gated dam and stilling basin were
constructed on an underdrain system which rests on a Tertiary
foundation as shown on Plates 6, 12, 13, 14, 17, and 18. The
cutoff wall, crest gated spillway (Monolith D-5), and overflow
wall were constructed on varying thicknesses of fully compacted
pervious sand backfill which, in turn, rests on a Tertiary
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foundation (Photograph 27). As can be seen on Plates 12 through
14 the backfill beneath the cutoff wall ranged from 1 to 3 feet.
Backfill beneath the crest gated spillway ranged from 2.5 feet to
26 feet. Backfill beneath the overflow wall ranged from 0.5 foot
(beneath Monolith OW-1) to approximately 21 feet (beneath
Monolith OW-3). Minor areas of sandstone were present at final
grade. These outcrops were left in place. Contaminated material
was removed and replaced with compacted pervious backfill.

b. Lock. The lock and guidewalls are founded on
Tertiary sand and silty sand (SP, SP-SM). Final grade for these
components is shown on Plates 9, 10, and 11. In all cases
contaminated or unsuitable materials were removed and replaced
with compacted select sand. Tertiary rock was encountered near
final grade in the lock foundation. 1In all cases, except the
downstream return wall, the rock was removed. The founding
elevation for the downstream return wall was adjusted upward to
allow a bed of hard, gray sandstone to remain in place (see
Sections I-I and J-J on Plate 11).

6-03. Water Problems. Water problems on this project
occurred with surface water control and Tertiary pressure relief.
Failure to control surface water resulted in minor erosion to the
excavation side slopes which required repeated repairs. In many
locations the contractor opted to cover exposed Quaternary sands
with a veneer of clay material to prevent erosion. Excavation in
the gated dam area was delayed when the contractor’s dewatering
wells (4 inch diameter wells, numbers 26 to 31) failed to lower
Tertiary pressures. The contractor alleged changed conditions
and drilled six exploratory borings to investigate the subsurface
conditions. The investigation failed to identify any problems
and the necessary draw down was subsequently achieved using
wellpoints on 2 foot centers (the same technique successfully
used by Griffin Dewatering in Phase I).

6-04. Foundation Materials Mapped. Six identifiable and
mappable units were described in the exploration phase for Lock
and Dam 4. These units are (from oldest to youngest) the
Tertiary Wilcox Group (undifferentiated), The Pleistocene Prairie
Terrace substratum and topstratum units, the Holocene substratum
and two Holocene topstratum units, point bar and abandoned
channel. Three of these geologic units have been mapped in the
current report. They are the Wilcox (designated as TW), the
Pleistocene Prairie Terrace substratum (designated as PS), and
the Pleistocene Prairie Terrace topstratum (designated as PT).
An attempt was made to identify individual rock strata
(designated as Rx) within the Wilcox units based on
preconstruction borings and field investigations (Plates 17 and
18 and Table 6-1). It should be expected that competent rock
exists that was not identified in this process. The Holocene
units mentioned above did have a minor impact on the dewatering
item. Holocene alluvium was also present in the access channels,
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disposal areas, along the permanent access road alignment, and
did provide significant sources of backfill borrow. However,
Holocene materials are not involved in any structural foundation
areas and were removed in the access channel excavations and
therefore are considered beyond the scope of this report.
Information on the extent and nature of the Holocene alluvium is
available in Design Memorandum 28 "Detailed Design", Volumes I
and IV.
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SECTION VII - FOUNDATION TREATMENT

7-01. Drainage Provisions. Two drainage system have been
incorporated into the lock and dam as discussed below. In
addition, the foundations for the crest gated spillway and the
overflow wall were constructed using select sand backfill
processed on site from dredged river sand (Photograph 28).

a. Underslab Drainage System. The foundation beneath
the gated dam and stilling basin contains a two stage pressure
relief/underseepage collector system as shown on Plates 19
through 22. The system consists of a filter sand layer placed on
the foundation overlain by a second stage filter composed of

washed gravel (filter gravel "C") (see Photographs 29, 30, and
31). Stainless steel collector pipes evacuate seepage and
discharge excess hydrostatic pressures to tailwater at
approximately elevation 87.0 (Photographs 32 through 35). For a

discussion of design and construction of the underslab filter
system please see Paragraph 4-03 Backfill Drainage and Underslab

Relief Systems.

b. Backfill Drainage System. Backfills left and
right of the lock chamber were designed with three zones; a
select sand adjacent to the lock wall, a pervious fill zone and a
random fill zone as shown on Plates 9, 10, 11, and 23. The
backfill adjacent to the lock on the landside contains a
collector system which is encapsulated in a filter sand "B" and
discharges to tailwater at approximate elevation 96.0. Minor
design modifications and construction changes occurred to the
backfills as discussed in Paragraphs 8-02. For a complete
discussion of the design of the backfill drainage system, please
see Paragraph 4-03, Backfill Drainage and Underslab Relief

Systems.

7-02. Sheet pile. Sheet pile was installed in numerous
locations beneath the lock and dam. The foundations for the
overflow wall, crest gated spillway, stilling basin for the crest
gated spillway, gated dam, stilling basin, and cutoff wall are
surrounded by sheetpile cutoffs on all four sides (with adjacent
structures sharing a common sheet pile line). The sheet pile
cutoff driving line continues beneath the upstream gate bay of
the lock, upstream approach monolith, upstream guard wall and
upstream return wall. A second sheetpile line was installed
beginning on the riverside of the downstream approach monolith
(L-18) and continuing beneath the downstream return wall. In
addition, the pier footings for the upstream and downstream
guidewalls are individually encapsulated within sheet pile

"cells". The upstream sheet pile line beneath the lock and dam
forms a positive seepage cutoff. Sheet piling installed beneath
the downstream approach monolith (L-18), downstream return wall

and the guidewalls is an erosion control measure intended to
protect these foundations. Locations and depths of the sheet



piling are shown on Plates 24 and 25. Minor problems were
experienced with sheet pile penetration along the right side of
stilling basin monolith SB-5, on the driving line on the upstream
face of gated dam monolith D-1 and beneath the upstream and
downstream return walls. Essentially, the presence of rock below
final excavation grade prevented the installation of some of the
sheet pile to design depth. In the above mentioned areas the
driving operation was stopped when penetration was no longer
possible (refusal) and the sheet pile was cut off at that point.
For a detailed discussion of those areas where rock interfered
with the sheetpiling see Paragraph 8-01 (Photographs 36 and 37) .

7-03. Instrumentation. The instrumentation package at Lock
and Dam No. 4 consists of reference bolts, piezometers, and
settlement plates. The location and details of these instruments
are shown on Plates 26 through 31. The permanent piezometers are
shown in Photographs 34 and 38.



SECTION VIII - CHANGES FROM DESIGN

8-01. Tertiary Rock. The Tertiary formations present
beneath the Holocene alluvium at the site are part of the Wilcox
Group. This group of formations was deposited along an aggrading
shoreline during the Eocene Epoch. Lithologies that result from
these kinds of environments of deposition are quite variable and
can change radically over short distances. Consequentially, the
soil types present in the Tertiary at Lock and Dam No. 4 vary
from clay to silt to sand and the contact between pervious and
impervious soil types is often sharp and abrupt. Changes occur
both laterally and vertically and in a quite random way. In
those instances when a sand body (or pervious stratum) extends
for a great continuous length or interconnects with other
"pervious channels" forming an extensive network for ground water
migration, there exists the possibility that mineral deposition
within the pore channels will result in digenesis. Digenesis, in
this case, refers to the process of making hard, competent rock
from sediments by cementing the individual grains into a rock
mass. The Tertiary sediments at the construction site displayed
several extensive rock "beds". 1In general, the exposed rock
"beds" trend parallel (or subparallel) to the lock centerline
(Photograph 39). Individual rock deposits were traceable over
distances in excess of 1000 feet. Furthermore, the rock’s
location in the subsurface could be forecast by extrapolating its
trend and its presence was often confirmed by boreholes, water
wells, and/or sheet pile installations. It should also be noted
that rock was often encountered where it was not expected and it
occasionally pinched out. As noted above, the rock developed as
ground water transporting "channels" of some length rather than
isolated lenses or small pockets. It was further noted that not
all high permeability sand was lithofied. 1In fact, only a small
percentage of the Tertiary sand present was altered. When the
rock existed above final grade it was generally removed. When
encountered below final grade, or when removal would have forced
the contractor to exceed final grade, the rock was often left in
place. BAffected areas are outlined below.

a. Stilling Basin and Gated Dam. Rock below final
excavation grade prevented driving all of the sheetpiling along
the outside edge of monolith SB-5 and the sheet pile line between
gated dam monoliths D-4 and D-5 to final grade. At SB-5 30 (of
124) sheet piles met refusal above final grade and 127 linear
feet of sheetpiling were cut off (an average of about 4 feet per
cut pile). Along the upstream face of the gated dam (Monolith
D-4) approximately 43 linear feet of sheetpiling were cut between
pile No. 130 and No. 160 (Photograph 37). All cut piling had
been driven to refusal and the competent rock encountered will
provide adequate blockage for under seepage.

b. Upstream Guardwall. Approximately 2 feet of rock
were removed from the foundation of the upstream guardwall to
allow for the installation of the sheet pile cut-off. The rock

8-1



was located below final grade and was removed by excavating a
shallow trench with a backhoe along the alignment
(Photograph 40).

c. Upstream Return Wall. The sheet pile beneath the
upstream return wall encountered rock near final grade. The
sheet piles were driven through the rock except in an area 6 to
8 feet long near the middle of the run where the sheet pile were
driven to refusal and cut.

d. Downstream Return Wall. A large outcrop of hard
intact rock was present at final grade beneath the downstream
return wall. (The base of the return wall is constructed on a
pervious backfill placed above final grade.) In this area the
sheetpiling was driven through the backfill and "keyed" into the
rock mass. Portions of this same rock stratum were removed
beneath parts of the lock chamber and the lower gate bay. The
rock had proven to be extremely hard and up to 8 feet thick.
Removing the rock beneath the downstream return wall would not
have improved the foundation because impervious rock would have
been replaced with pervious £ill which was considered an inferioxr
seepage barrier and foundation material (Photograph 41).

e. Rock Remaining in Riversgide Backfill. As noted in

(d) above, a large rock "shelf" was present in the downstream
area of the lock. This rock sheet was located 3 to 6 feet above
final grade. Where the rock was present in the area intended for
random backfill (channel side of the lock), the Contractor was
allowed to leave it "in place" (Photograph 39). This change
substituted rock for random backfill.

8-02. Changes in Backfill Materials. The design of Lock and
Dam No. 4 envisioned using pervious materials from the channel
excavations to construct free draining backfill left and right of
the lock chamber. However, severe erosion occurred in the
upstream approach channel as a result of the Piermont Revetment
(and channel realignment) (Photograph 42). 8Six to eight hundred
feet of bank caving occurred. This proved a mixed blessing.
Less channel excavation was required; however much of the eroded
materials were scheduled for reuse in the backfills. As a result
of this "short fall", the government diminished the size of the
pervious backfill areas and allowed the contractor to substitute
a random class of material in those areas shown on Plates 9, 10,
and 11.

8-03. Reuse of excavated Tertiary Rock as Riprap. As a
result of a contractor VE proposal, Tertiary sandstone was reused
as protection stone on this job. Tertiary sandstone was
processed to provide R650 and R200 riprap, and Graded Stone "C"
(Photographs 20 and 21). These materials were used as channel
protection below the water line in the upstream channel and on




the upstream face of the closure dam (Plates 3 and 32). For a
more detailed discussion of this change see Paragraph 4-04,
Channel Protection.

8-04. Backfill Collector System Manholes. The Contractor
substituted 60 inch, pre-cast sewer pipe for the cast-in-place
concrete manholes that service the backfill drainage collector
system. Ladders and access covers are the same as originally
designed. These changes are shown on Plate 23. Photos 43 and 44
show the as-built manholes.




SECTION IX - POSSIBLE FUTURE PROBLEMS

9-01. Backfill Collector System. The backfill collector
system landslide of the lock chamber will collect and discharge
seepage that infiltrates the backfill from the Pleistocene
terrace aquifer and the Tertiary aquifer (Plates 10 and 11). The
collector system will also drain ground water that infiltrates
from the topographically higher hill country north and east of
the Red River alluvial valley. These sources are known to
contain water high in iron and other dissolved solids that may
precipitate and block the openings of the collector pipes.




was located below final grade and was removed by excavating a
shallow trench with a backhoe along the alignment
(Photograph 40) .

c. Upstream Return Wall. The sheet pile beneath the
upstream return wall encountered rock near final grade. The
sheet piles were driven through the rock except in an area 6 to
8 feet long near the middle of the run where the sheet pile were
driven to refusal and cut.

d. Downstream Return Wall. A large outcrop of hard
intact rock was present at final grade beneath the downstream
return wall. (The base of the return wall is constructed on a
pervious backfill placed above final grade.) In this area the
sheetpiling was driven through the backfill and "keyed" into the
rock mass. Portions of this same rock stratum were removed
beneath parts of the lock chamber and the lower gate bay. The
rock had proven to be extremely hard and up to 8 feet thick.
Removing the rock beneath the downstream return wall would not
have improved the foundation because impervious rock would have
been replaced with pervious fill which was considered an inferior
seepage barrier and foundation material (Photograph 41) .

e. Rock Remaining in Riverside Backfill. As noted in
(d) above, a large rock "shelf" was present in the downstream
area of the lock. This rock sheet was located 3 to 6 feet above
final grade. Where the rock was present in the area intended for
random backfill (channel side of the lock), the Contractor was
allowed to leave it "in place" (Photograph 38). This change
substituted rock for random backfill.

8-02. Changes in Backfill Materials. The design of Lock and
Dam No. 4 envisioned using pervious materials from the channel
excavations to construct free draining backfill left and right of
the lock chamber. However, severe erosion occurred in the
upstream approach channel as a result of the Piermont Revetment
(and channel realignment) (Photograph 42). Six to eight hundred
feet of bank caving occurred. This proved a mixed blessing.
Less channel excavation was required; however much of the eroded
materials were scheduled for reuse in the backfills. As a result
of this "short fall", the government diminished the size of the
pervious backfill areas and allowed the contractor to substitute
a random class of material in those areas shown on Plates 9, 10,
and 11.

8-03. Reuse of excavated Tertiary Rock as Riprap. As a
result of a contractor VE proposal, Tertiary sandstone was reused
as protection stone on this job. Tertiary sandstone was
processed to provide R650 and R200 riprap, and Graded Stone "C"
(Photographs 20 and 21). These materials were used as channel
protection below the water line in the upstream channel and on




the upstream face of the closure dam (Plates 3 and 32). For a
more detailed discussion of this change see Paragraph 4-04,
Channel Protection.

8-04. Backfill Collector System Manholes. The Contractor
substituted 60 inch, pre-cast sewer pipe for the cast-in-place
concrete manholes that service the backfill drainage collector
system. Ladders and access covers are the same as originally
designed. These changes are shown on Plate 23. Photos 43 and 44
show the as-built manholes.
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